I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Murine animal species have been utilized to gain insight into cardiovascular function, especially autonomic control. For the current study, our group will validate the use of an electrocardiogram (ECG) platform coupled with echocardiogram (ECHO) equipment for the acquisition of R-to-R interval (RRI) data for spectral analysis of heart rate variability (HRV) using a murine animal model.

HRV is widely used as a tool to assess the role of autonomic nervous system fluctuations in normal healthy individuals and in patients with various cardiovascular and noncardiovascular disorders.\[[@ref1]\] It is important to emphasize that reduction in HRV is associated with negative cardiovascular outcomes.\[[@ref2][@ref3]\] This is seen with hypertension, stroke, diabetes, and other chronic diseases.\[[@ref3][@ref4]\] The question is directed toward the issue whether there can be dual recordings of cardiac function and ECG using a unique system. While ECHO is commonly used to provide cardiac function and morphometric, it has been largely overlooked the use of its ECG platform (except for monitoring heart rate \[HR\] and anesthesia status). Indeed, it is possible using this platform, to record the peak/peak RRI, which is used to analyze cardiac autonomic modulation using spectral analysis of HRV at the same time of cardiac function and morphometric measurements.

The quality of the signal, RRI from the ECG or pulse interval derivate from direct BP recording, is a crucial component for HRV analysis. In this aspect, the acquisition of biological signals in mice, particularly cardiovascular signals, is a challenge. This is due to the small animal size, which requires surgical skill as well as specialized, expensive recording equipment. For this reason, the use of ECG platform associated with the ECHO evaluation may represent an alternative methodology to obtain RRI in mice, allowing for analysis of cardiac autonomic modulation.

The aim of this study was to validate the use of the ECG platform coupled with ECHO equipment for the acquisition of RRI data for spectral analysis of HRV in rodents. To test the system for physiological responsiveness, we used chronic forced aerobic exercise training in mice in 8 weeks. Studies from our group have shown that aerobic exercise training promotes resting bradycardia, reduces sympathetic modulation, increases vagal modulation, improves baroreflex responses, and overall cardiac function in models of cardiovascular disease.\[[@ref5][@ref6][@ref7][@ref8]\]

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

Experimental model {#sec2-1}
------------------

Male mice (C57BI/6J), 8-week-old, were purchased from Jackson Laboratory (ME, USA). Mice were randomly assigned as follows: sedentary (S; *n* = 8) and exercise trained (ET; *n* = 8). All procedures and protocols were approved by the Ethics Committee of the VA Hospital (Miami, FL, USA) and were conducted in accordance with National Institutes of Health-Guide for the Care and Use of Laboratory Animals.

Exercise training {#sec2-2}
-----------------

Exercise training was performed using a motorized wheel at low intensity (20% of the maximal running speed as usually reached in mice) for 1 h/day, 5 days/week, 8 weeks duration. The speed during the training period was 2 m/min and gradually increased to 5 m/min. Mice were adapted to the procedure (10 min/day; 0.2 m/min) for 1 week before beginning the exercise training protocol.\[[@ref9]\]

ECG acquisition and heart rate variability analysis {#sec2-3}
---------------------------------------------------

After the last exercise training session (8 weeks), ECG was recorded at 8000 Hz for 3 min using a Vevo 1100® ultrasound machine (Visual Sonic, Toronto, Canada). Mice were anesthetized with isoflurane (ISO), (2%--2.5% with O~2~ flow rate of 0.8l/min). ISO is an excellent mode of anesthesia to use with the (ECO) echocardiogram system. It is stable, rapidly induced and has no long-term side effects. The time required for the ECG measurements is minimal (\<5 min.), thus, leading to a short window of time needed for anesthesia. After anesthesia induction, mice were secured to a board containing the ECG sensors. ECG was recorded in the ECO B-mode at a frame rate of 5 (minimal value), set using the "Acquisition" key. The cine time loop size was set with the "Prefs" key while the "General" key was set at maximum level for the B-mode. ECG data were exported as a comma-separated value (csv) file and opened with Windaq® Software (DATAQ Instruments). We used an algorithm to detect R peaks and create a time series file containing all RRIs. Spectral power for low-frequency (low-frequency band \[LF\]: 0.1--1.0 Hz) and high-frequency (high-frequency band \[HF\]: 1.0--4.0 Hz) bands were calculated by power spectrum density integration within each frequency bandwidth, using a customized routine (MATLAB 6.0, Mathworks).\[[@ref1]\]

Echocardiography {#sec2-4}
----------------

For functional and morphometric analysis, mice were anesthetized with isoflurane as described previously. ECO was performed by an observer blinded as to group, according to the guidelines of the American Society of ECHO. ECO images were obtained with a 10--14 MHz linear transducer with the Vevo 1100® (ultrasound system, Visual Sonic, Toronto, Canada). Measures include left ventricular internal diameter in systole (end-systolic diameter); left ventricular internal diameter in diastole (end-diastolic diameter); ejection fraction (EF); fraction shortening (FS); relative wall thickness (RWT) and isovolumetric relaxation time (IVRT); myocardial performance index (MPI) as previously described elsewhere.\[[@ref10]\]

Statistical analysis {#sec2-5}
--------------------

Data are expressed as mean ± standard error mean. The Kolmogorov--Smirnov test was used to evaluate data homogeneity. A *t*-test was used to compare groups. The statistical significance level was established at *P* ≤ 0.05.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

ECG and autonomic function data were collected in anesthetized mice under sedentary and exercise conditions. The sample rate for the ECG platform was 8000 Hz, which resulted in a clear interpretable signal \[[Figure 1](#F1){ref-type="fig"}\].

![ECG waves signal (superior panel) and tachogram obtained by cardiac interval recording (inferior panel)](JCE-28-90-g001){#F1}

After 8 weeks of exercise training, the trained group that underwent exercise conditions presented a significant reduction in HR as compared to sedentary mice (S: 453 ± 21 vs. T: 387 ± 18 bpm) \[[Figure 2](#F2){ref-type="fig"}\]. This was also associated with lower sympathetic and higher parasympathetic modulation, which was associated with a lower sympathetic/parasympathetic ratio (LF/HF) \[[Table 1](#T1){ref-type="table"}\]. An example of the autonomic power spectrum in mice is showed in \[[Figure 3](#F3){ref-type="fig"}\]. It is possible to see a higher vagal modulation in the trained group when compared to the sedentary group

![Heart rate in sedentary and trained groups. \*Versus Sedentary group](JCE-28-90-g002){#F2}

###### 

Autonomic modulation evaluations in studied groups

                      Sedentary   Trained
  ------------------- ----------- ------------
  Time domain                     
   SD (ms)            4.1±0.8     5.9±0.5
   Variance (ms^2^)   24.7±9.3    37.2±7.3
   RMSSD (ms)         2.8±0.4     3.1±0.6
  Frequency domain                
   LF abs (ms^2^)     4.5±1.7     0.9±0.2
   HF abs (ms^2^)     4.5±0.9     3.7±1.1
   VLF abs (ms^2^)    7.5±3.2     7.3±1.7
   LF (nu)            39.2±6.5    20.7±5.2\*
   HF (nu)            60.7±6.5    79.3±5.2\*
   LF/HF              0.8±0.2     0.3±0.1\*

\**P*\<0.05 versus sedentary group. Data are expressed as mean±SEM. SD=Standard deviation, RMSSD=Root mean square of the successive differences, LF abs=Low-frequency band absolute, HF abs=High frequency band absolute, LF=Low-frequency band, HF=High Frequency band, LF/HF=Sympathovagal balance, SEM=Standard error mean, VLF abs=Very LF absolute

![Autonomic power spectrum in mice](JCE-28-90-g003){#F3}

The trained group that underwent exercise conditions also presented a reduction in IVRT and a better MPI when compared to the sedentary group \[[Table 2](#T2){ref-type="table"} and [Figure 4](#F4){ref-type="fig"}\]. In addition, the trained group showed an increased RWT and left ventricle mass \[[Table 2](#T2){ref-type="table"}\]. There was no difference in left ventricular internal diameter in systole, left ventricular internal diameter in diastole, EF, FS, and E/A relation \[[Table 2](#T2){ref-type="table"}\].

###### 

Echocardiographic evaluations in studied groups

                       Sedentary       Trained
  -------------------- --------------- -----------------
  Cardiac structure                    
   ESD (cm)            0.20±0.01       0.18±0.01
   EDD (cm)            0.34±0.01       0.33±0.01
   RWT                 0.48±0.04       0.69±0.06\*
   LVM (mg/g)          0.0254±0.0002   0.0274±0.0004\*
  Systolic function                    
   EF (%)              77.5±2.7        80.3±4.4
   FS (%)              41.7±1.9        45.8±3.5
  Diastolic function                   
   IVRT (ms)           20.0±0.9        14.8±0.4\*
   E/A                 1.39±0.06       1.31±0.04

\**P*\<0.05 versus sedentary group. Data are expressed as mean±SEM. ESD=End-systolic diameter, EDD=End-diastolic diameter, RWT=Relative wall thickness, LVM=Left ventricular mass, EF=Ejection fraction, FS=Shortening fraction, IVRT=Isovolumetric relaxation time, E/A=E wave/A wave, SEM=Standard error the mean

![Myocardial performance index in sedentary and trained groups. \*Versus Sedentary group](JCE-28-90-g004){#F4}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

HRV has been used routinely to evaluate the role of the autonomic nervous and physiological/pathological function.\[[@ref1]\] A reduced HRV is associated with negative outcomes, as a predictor of mortality after myocardial infarction, congestive heart failure, and diabetic neuropathy in humans.\[[@ref2][@ref11]\] In the present study, we described the use of a ECG platform coupled with ECHO system equipment for measurement of RRI and subsequent analysis of HRV in mice.

Significant advantages of this new approach are: (1) no requirement for surgery, a noninvasive approach and (2) the possibility of combining autonomic evaluation under the same condition as ECO analysis since the determination of heart rate and heart rate variability are based on electrocardiogram (ECG) recordings. Another advantage is the quality of the RRI signal from the ECG, a crucial component for HRV analysis. The ECG platform from the ECO equipment could be used at a sample rate of 8000 Hz, providing a very clear and easily analyzed signal. Data obtained in this fashion must be interpreted with caution, as it is well known that restraining and anesthesia can have an influence on physiological parameters. In the preset project, we used an optimum level of ISO anesthesia to ensure the stability of the murine cardiovascular function as well as adequate ventilation and oxygenation for careful match of the artificial ventilation parameters. The literature suggests for proper physiological conditions, that oxygenation, stress levels and myocardial oxygen consumption not deviate from expected physiological ranges and for this reason couple studies concluded an optimum level of 1.5% of ISO a inhalation anesthetic agent that possess significant advantages over injectable agents such as pentobarbital and ketamine/xylazine.\[[@ref12][@ref13]\]

In the present study, using the ECG platform of the ECO machine, we recorded RRI and detect similar autonomic changes induced by training, a much simpler method. Thus, in the present study, the trained group presented an improved autonomic modulation in relation to the sedentary group, showing a reduction of sympathetic modulation and an increase of parasympathetic modulation, which led to a better LF/HF ratio. These evaluations were associated with conventional evaluations provided by ECHO, showing that the trained group had improved cardiac function as compared to the sedentary group.

Aerobic exercise training is often recommended as an important adjuvant therapy for prevention and treatment of cardiac disorders. Indeed, studies have shown that aerobic exercise training improves cardiac function and autonomic modulation in human and animal models.\[[@ref5][@ref8][@ref14]\] This can be seen by cardiac adaptations such as an increase in stroke volume,\[[@ref15][@ref16]\] adjustments in diastolic and systolic function,\[[@ref16]\] and positive changes in cavity diameter and ventricular mass.\[[@ref17][@ref18]\] Indeed, we previously observed bradycardia associated with increased cardiac vagal tonus and reduced sympathetic tonus in male mice after 4 weeks of aerobic training on the treadmill.\[[@ref5]\] It is important to emphasize that catheters were inserted in carotid artery and jugular vein for blood pressure recording and drugs (atropine and propranolol) injections in mice in this study.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

In conclusion, an ECG platform coupled with an ECHO system enabled the acquisition of the RRI in an appropriate quality for analysis of HRV in mice, allowing associations of morphometric and functional cardiac evaluations with changes in autonomic modulation of the heart in physiological situations.
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